Background: Little is known concerning the effect of ezetimibe for secondary prevention in post-myocardial infarction (MI) patients. In this study, we investigated the secondary prevention effect of ezetimibe for post-MI patients.
Introduction
Low-density lipoprotein cholesterol (LDL-C) is considered an important target for the prevention of atherosclerotic events [1] [2] [3] . Insufficient control over LDL-C increases the atherosclerotic plaque burden and worsens plaque vulnerability [4] [5] [6] . Previous ACC/AHA guidelines recommended an absolute decrease in LDL-C levels below 100 mg/dl, while the current guideline recommends a 30-50% decrease or more from baseline levels to prevent secondary atherosclerotic events. Moreover, the new ACC/AHA guideline recommends statins as the only agents to reduce LDL-C and improve lipid metabolism, and thus prognosis, for post-MI patients [7] . In many investigations, statin use was reported to improve plaque burden and vulnerability [4] [5] [6] and the prognosis of atherosclerotic disease patients. However, although in the modern era statins are considered a necessary agent to improve atherosclerotic disease, statin monotherapy does not sufficiently prevent atherosclerotic disease [8] . Strict lipid-lowering therapy with another agent combined with a statin may be required to prevent secondary atherosclerotic events. Ezetimibe, a selective Niemann-Pick C1-like protein (NPC1L1) inhibitor, employs a different mechanism from statins to improve cholesterol metabolism by inhibiting intestinal cholesterol absorption [9] . Many investigations have reported favorable effects of ezetimibe for atherosclerosis [10] . Thus, we investigated the impact of combination therapy with ezetimibe and statin for secondary prevention of MI.
Materials and methods
This study is a retrospective analysis of prospectively collected data assessing lipophilic vs. hydrophilic statin therapy for acute MI (ALPS- 
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IJC Heart & Vasculature j o u r n a l h o m e p a g e : h t t p : / / w w w . j o u r n a l s . e l s e v i e r . c o m / i j c -h e a r t -a n d -v a s c u l a t u r e AMI study) with a head-to-head comparison of the efficacy of lipophilic atorvastatin vs. hydrophilic pravastatin [11, 12] . This study was a prospective, randomized, open-labeled, blinded endpoint study that required patients at 20 participating sites in Nagano and Niigata prefectures of Japan. The inclusion criteria included: male or female, aged N20 years, written informed consent, and percutaneous coronary intervention (PCI) to treat either ST-segment elevation or non-ST-segment elevation acute MI done within 96 h. Exclusion criteria included planned surgery for coronary artery bypass grafting, pregnancy, active liver or renal disease, malignant disease, withdrawal of informed consent, and serious arrhythmic events or the presence of hemodynamic instability (hypotension, congestive heart failure, or mechanical complication following acute MI). Patients were randomly allocated to receive 10 mg of either atorvastatin or pravastatin once daily, with the treatment goal to reduce the LDL-C level below 100 mg/dl. If necessary, the dose was increased to 20 mg in one month after admission of statin. If the treatment goal still was not achieved with statin monotherapy, then 10 mg ezetimibe was added in one month after increasing each statin dose up to 20 mg. Patients were enrolled from June 2008 to December 2010 and followed for at least 24 months. The study was performed in accordance with the Declaration of Helsinki ant the Good Clinical Practice Guidelines. The protocol was approved by each participating site's ethics committee, and was registered at the University Hospital Medical Information Network (UMIN000001521).
Patient population
According to ALP-AMI study criteria, we screened 450 patients. The patients were divided into two groups: those administered only a statin to control LDL-C level, the ezetimibe(−) group, and those administered ezetimibe in addition to a statin to control LDL-C level, the ezetimibe(+) group. The endpoints were major adverse cardiac and cerebrovascular events (MACCE), including all-cause death, cardiovascular death, recurrence of myocardial infarction, stroke, and heart failure requiring hospitalization, and MACCE with revascularization.
Guideline of lipid lowering therapy for secondary prevention of post-myocardial infarction patient
In the 2013 ACC AHA guideline on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults, patients with a history of clinical atherosclerotic systemic cardiovascular disease including myocardial infarction were divided into 2 groups; patients ≤ 75 years old received high-intensity lipid lowering therapy, while those N75 years old were assigned to moderate-intensity lipid lowering therapy. In the guideline, the target level of LDL-C was not set, and statin titration was not recommended. Furthermore, statin was only the recommended agent for lipid lowering therapy, and other agents including ezetimibe were not recommended. However, we consider that the effect of ezetimibe and statin combination therapy should be examined in each therapy intensity group.
Statistical analysis
Continuous variables are presented as mean ± standard deviation, and categorical variables are expressed as a number and percentage. Continuous variables were compared using the two-sided paired t-test, and categorical variables were compared using the chisquare test or Fisher's exact test, as appropriate. All p values are two-sided, and results with p b 0.05 were considered statistically significant. A logistic regression model was subsequently used to analyze the incidence of MACCE and MACCE with revascularization. As the first step, potential predictors of MACCE and MACCE with revascularization incidence were separately assessed in logistic regression analyses. Then multiple logistic regression analysis was conducted for covariates that demonstrated an association with the incidence of MACCE and MACCE with revascularization (p ≤ 0.10). Results are expressed as odds ratios with 95% confidence intervals (95% CI). All analyses were performed using SPSS statistical software, version 13.0 (SPSS Inc., Chicago, Illinois).
Results

Baseline characteristics
Baseline clinical characteristics of the ezetimibe(+) and ezetimibe(−) groups are compared in Table 1 . The ezetimibe(+) and ezetimibe(−) groups contained 113 and 337 patients, respectively. The ezetimibe(−) group was significantly older than the ezetimibe(+) group (62.1 ± 11.5 vs. 67.1 ± 10.9 years, p b 0.0001). There were no significant differences in history of hypertension or smoking. Diabetes mellitus was observed in 31 patients in the ezetimibe(+) group (27.4%) and 126 (37.3%) in the ezetimibe(−) group (p = 0.034). Total cholesterol and LDL-C 134.7 ± 179.9 pg/ml, p = 0.125), or left ventricular ejection fraction (55 ± 10.7% vs. 54.8 ± 12.2%, p = 0.87). Table 2 revealed lipid parameters at twenty-four months and differences between values at baseline and 24 months. At 24 months, LDL-C and TG levels were still higher in the ezetimibe(+) group compared with those in the ezetimibe(−) group (94.6 ± 24.7 mg/dl vs. 83.7 ± 17.8 mg/dl, p b 0.0001; 163.8 ± 97.6 mg/dl vs. 132.9 ± 75.7 mg/dl, p = 0.004, respectively), while the difference of lipid parameters was higher in the ezetimibe(+) group compared with that in the ezetimibe(−) group (ΔLDL-C −69.8 ± 32.1 mg/dl vs. −51.7 ± 26.3 mg/ dl, p b 0.0001; ΔTG −73.1 ± 36.8 mg/dl vs. -56.9 ± 31.2 mg/dl, p b 0.0001) ( Table 2 , Fig. 1 ).
MACCE and MACCE with revascularization
The composite endpoints, incidence of MACCE and MACCE with revascularization, were lower in the ezetimibe(+) group than the ezetimibe(−) group (2.6% vs. 11.5%, p = 0.002; 23.0% vs. 36.7%, p = 0.004) (Fig. 2 ) All-cause death and cardiovascular death were not observed in the ezetimibe(+) group, but occurred in 24 (7.1%) and 15 (4.4%) patients (p = 0.001 and 0.012), respectively, in the ezetimibe(−) group. There were no significant differences in heart failure requiring hospitalization, stroke, or any revascularization between the two groups.
Analysis according to lipid lowering therapy intensity
According to the 2013 ACC/AHA guideline patients were divided into 2 groups; patients ≤75 years old received high-intensity lipid lowering therapy, while those N 75 years old were assigned to moderateintensity lipid lowering therapy. Fig. 1 . The difference in the lipid parameters between values of baseline and 24 months after, comparison between the ezetimibe(+) and ezetimibe(−) groups. T-chol, LDL-C and TG were decreased significantly in the ezetimibe group compared with those in the ezetimibe(−) group between values at baseline and 24 months. HDL-C was increased in both ezetimibe(+) and ezetimibe(−) groups, however there were no significant differences in ΔHDL-C between the ezetimibe(+) and ezetimibe(−) groups.
Fig. 2.
Comparison of MACCE and MACCE with revascularization between the ezetimibe(+) and ezetimibe(−) groups. Among all patients, the incidence of MACCE and MACCE with revascularization was lower in the ezetimibe(+) group compared with that in the ezetimibe(−) group. High-intensity lipid lowering therapy group included 347 patients and moderate-intensity lipid lowering therapy group included 113 patients, respectively. The incidence of MACCE was lower in the ezetimibe(+) group compared with that in the ezetimibe(−) group in both the high-intensity and moderate-intensity groups (0% vs. 17%, p = 0.077, 3.1% vs. 9.4%, p = 0.033, respectively) (Fig. 3A) . The incidence of MACCE with revascularization was also lower in the ezetimibe(+) group compared with that in the ezetimibe(−) group in patients receiving both high-intensity and moderate-intensity statin therapies (25% vs. 43.4%, p = 0.132; 22.6% vs. 34.2%, p = 0.023, respectively) (Fig. 3B) .
Multivariate analysis
In univariate analysis, age, serum creatinine level, and BNP were significantly associated with the incidence of MACCE (71.1 ± 10.2 vs.
65.4 ± 11.3, p = 0.002; 1.16 ± 1.44 vs. 0.84 ± 0.36, p = 0.0001; 206.1 ± 218.9 vs. 116.8 ± 167, p = 0.004) ( Table 3) . Serum creatinine level and BNP were also significantly associated with the incidence of MACCE with revascularization (0.96 ± 0.92 vs. 0.82 ± 0.22, p = 0.018; 152.4 ± 181.1 vs. 111.9 ± 169.5, p = 0.038) (Table 4) , and female sex was a negative predictor for MACCE with revascularization (13.1% vs. 21.6%; p = 0.017) ( Table 5 ). Table 5 demonstrated multivariate analysis, included p b 0.05 variables in univariate analysis, and revealed incidence of MACCE and MACCE with revascularization. BNP (OR 1.002, 95% CI 1.000 to 1.003, p = 0.036) and ezetimibe(+) therapy (OR 0.204, 95% CI 0.047 to 0.885, p = 0.034) were associated with the incidence of MACCE (Table 5) . Moreover, multivariate analysis for MACCE with revascularization revealed that BNP (OR 1.001, 95% CI 1.000 to 1.003, p = 0.038) and ezetimibe(+) therapy (OR 0.445, 95% CI 0.249 to 0.795, p = 0.006) were independent risk factors. (Table 5) In the multivariate Fig. 3 . Comparison of MACCE and MACCE with revascularization between the ezetimibe(+) and ezetimibe(−) groups according to statin therapy intensity. (A) In both the moderate-and high-intensity groups, the incidence of MACCE decreased in patients administered ezetimibe (ezetimibe(+)) compared with that in statin monotherapy (ezetimibe (−)). (B) In both the moderate-intensity group and high-intensity group, the incidence of MACCE with revascularization was also decreased in the ezetimibe(+) group compared with that in the ezetimibe(−) group. analysis, ezetimibe(+) and BNP were significant predictors for both MACCE and MACCE with revascularization in this study population.
Discussion
In the present study, ezetimibe and statin combination therapy decreased the incidence of all-cause death and cardiovascular death as well as the incidence of MACCE and MACCE with revascularization in post-MI patients.
Statins are only agent recommended for secondary prevention of atherosclerotic events in new guidelines [7] based on their favorable effects of lowering LDL-C, increasing high-density lipoprotein cholesterol (HDL-C) levels, and stabilizing coronary artery atherosclerotic plaques. In recent years, it was recommended that LDL-C level should be decreased as much as possible by lipid lowering therapy. However, the theory has changed, and the most recent guideline does not set target levels for LDL-C control. It is recommended only that a sufficient dose of statin should be admitted according to the desired treatment intensity. However, the recurrence rate of MI remains high [13] , and given the high mortality of patients with recurrent MI, often due to lost cardiac function and complicated with renal dysfunction, secondary prevention should be more intensive [14] . Therefore, another approach for lipid lowering therapy could be valuable for the secondary prevention of atherosclerotic disease.
Ezetimibe is a comparatively new cholesterol-lowering drug with a different mechanism from statins [15] , and thus could provide another quality lipid control treatment. It reduces cholesterol by inhibiting the absorption of LDL-C from the intestinal mucous membrane. Buchwald et al. reported that partial ideal bypass improved the blood lipid levels of acute MI patients and their morbidity due to coronary heart disease [16] . Ezetimibe and statin combination therapy has also been reported to reduce LDL-C level more than statin monotherapy [17] [18] [19] . The balance between cholesterol absorption and synthesis was revealed to correlate with atherosclerosis progression [20] and may be improved by ezetimibe. In the present study, we measured campesterol-tolathoserol ratio, reflecting the balance between absorption and synthesis of a cholesterol marker, in 72 patients: 17 ezetimibe(+) and 55 ezetimibe(−) and found that it decreased significantly in the ezetimibe(+) group (2.36 ± 1.01 vs. 5.58 ± 2.85; p b 0.001). Ezetimibe has also demonstrated favorable effects on atherosclerotic plaques, acting to improve plaque vulnerability by reducing plaque burden and improving thinning of the fibrous cap of plaques similar to statin therapy [21] .
In the present study, ezetimibe and statin combination therapy improved all-cause death and cardiovascular death compared with statin monotherapy. Lin et al. reported that post-acute coronary syndrome patients treated with ezetimibe combined with statins had a lower risk of re-hospitalization due to acute coronary syndrome recurrence and revascularization than those administered statin monotherapy [22] . In addition, the Improved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT), the only prospective randomized trial to compare ezetimibe with statin combination therapy and statin monotherapy [23] , revealed a clinical mortality benefit of ezetimibe and simvastatin combination therapy in patients presenting with acute coronary syndrome. The clinical benefit of ezetimibe combined with high-potency statin therapy in patients with renal dysfunction has also been established: a sufficient dose of simvastatin plus ezetimibe Abbreviations as in Table 3 .
reduced the incidence of major atherosclerotic events in chronic kidney disease patients compared with statin monotherapy [24] . By contrast, Pauriah et al. reported no observed mortality benefit of ezetimibe and statin combination therapy compared with high-potency statin therapy in post-MI patients [25] . Several points differ between this previous study and our study. In the previous study, criteria for ezetimibe administration depended on the judgment of clinicians, and the intensity of statin therapy varied across individuals in the ezetimibe and statin combination therapy group. In the present study, ezetimibe was added after statin administration reached a pre-established maximum dose. Statin therapy is currently the main strategy for lipid lowering in the secondary prevention of atherosclerotic disease. It appears that an appropriate strategy for ezetimibe administration is to use combination therapy only after statins have been extended to a sufficient dose.
We observed a clinical benefit of ezetimibe in both moderateintensity (≤ 75 years old) and high-intensity (N75 years old) therapy groups. To the best of our knowledge, no prior investigations have assessed the effects of ezetimibe according to lipid lowering therapy intensity. Our results indicated that ezetimibe was effective in post-MI patients in both intensity groups.
In the present study, the criteria for ezetimibe administration depended on LDL-C level. Because LDL-C level tended to be higher in younger patients, patients in the ezetimibe(+) group were younger, and mean BNP level was lower than in the ezetimibe(−) group. However, we also observed that ezetimibe was a negative predictor for the incidence of MACCE and MACCE with revascularization after adjusting for diabetes mellitus, age, BNP, female sex, and serum creatinine level (MACCE: 95% CI 0.072 to 0.803, OR 0.241, p = 0.021; MACCE with revascularization: 95% CI, 0.334 to 0.910, OR 0.552, p = 0.02).
Study limitations
This study has several limitations. The original ALPS-AMI study focused on only 500 MI patients. This sample size limited the assessment of these patients' prognosis. Levels of serum creatinine kinase, indicating myocardial necrosis, were not recorded; thus the scale of myocardial infarction was difficult to estimate. Furthermore, administration of ezetimibe was dependent on LDL-C level, creating an inherent bias between the ezetimibe(+) and ezetimibe(−) groups. In addition, it should be emphasized that the ezetimibe(+) group was small in comparison with the ezetimibe(−) group, which could impact our results concerning the mortality benefit of ezetimibe. Further prospective randomized trial focused on ezetimibe is needed to establish the benefits of ezetimibe in this and other patient populations.
Conclusion
Ezetimibe and statin combination therapy improved the prognosis of post-MI patients compared with statin monotherapy. This favorable effect extended to both moderate-and high-intensity stain therapy groups. Ezetimibe and statin combination therapy may improve the mortality of post-MI patients.
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